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METHOD AND SYSTEM TO DETERMINE
PHYSICAL PARAMETERS AS BETWEEN AN
RFID TAG AND A READER

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

The present application 1s a continuation-in-part applica-
tion of U.S. patent application Ser. No. 11/867,273, filed Oct.

4, 2007.

BACKGROUND

1. Field

The various embodiments are directed to determiming
physical parameters (e.g., velocity and acceleration) as
between objects tagged with radio frequency identification
(RFID) tags and reader circuits.

2. Description of the Related Art

Radio frequency identification (RFID) tags are used 1n a
variety of applications, such as tagging vehicles on toll roads,
tagging shipping containers, quality control on assembly line
conveyer belts, and monitoring tactical military equipment
maneuvers. In many situations 1t would be valuable to know
physical parameters of the RFID tags and/or the objects
coupled to the tags.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of various embodiments, refer-
ence will now be made to the accompanying drawings 1n
which:

FIG. 1 shows a radio frequency identification (RFID) sys-
tem 1n accordance with at least some embodiments:

FIG. 2 shows a system 1n accordance with at least some
embodiments;

FIG. 3 shows calculation of sum signal and envelope sig-
nal;

FIG. 4 shows a system 1n accordance with other embodi-
ments;

FIGS. 5A and 5B show multi-path signals and their enve-
lope; and

FIG. 6 shows a method 1 accordance with at least some
embodiments.

DETAILED DESCRIPTION

The various embodiments disclosed herein are discussed in
the context of radio frequency identification (RFID) tags;
however, the systems and methods discussed have application
beyond RFID tags to other types of radio frequency technolo-
gies. The discussion of any embodiment in relation to RFID
tags 1s meant only to be 1llustrative of that embodiment, and
not intended to intimate that the scope of the disclosure,
including the claims, 1s limited to that embodiment.

FIG. 1 shows a system 100 1n accordance with some
embodiments. In particular, system 100 comprises an elec-
tronic system 21 (e.g., a computer system) coupled to a radio
frequency 1dentification (RFID) reader circuit 19. The reader
circuit 19 may be equivalently referred to as an mterrogator.
By way of antenna 18, the reader circuit 19 communicates
with one or more RFID tags 16 A-16C proximate to the reader
circuit (1.e., within communication range). In particular, the
reader circuit 19 transmits an interrogating electromagnetic
wave to communicate with one or more of the RFID tags

16 A-16C.
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Considering a single RFID tag 16A (but the description
equally applicable to all the RFID tags 16), the communica-
tion sent by the reader circuit 19 1s received by tag antenna
17A, and passed to the RFID circuit 15A. If the communica-
tion from the reader circuit triggers a response, the RFID
circuit 15 A sends to the reader circuit 19 the response (e.g., a
tag 1dentification value, or data held 1n the tag memory) using
the tag antenna 17A. The reader circuit 19 passes data
obtained from the various RFID tags 16 to the electronic
system 21, which performs any swtable function. For
example, the electronic system 21, based on the data recerved
from the RFID tags 16, may allow access to a building or
parking garage, note the entrance of an employee to a work
location, direct a parcel 1dentified by the RFID tag 16 down a
particular conveyor system, or mventory products 1n a shop-
ping cart for purposes ol checkout and payment. In accor-
dance with some embodiments, the reader circuit 19 and/or
the electronic system 21 also determine physical parameters
as between the RFID tag 16 A using, at least 1in part, backscat-
tered electromagnetic waves from the RFID tag 16A. Thus,
the discussion turns to a description of backscattered electro-
magnetic waves produced by RFID tags.

There are several types of RFID tags operable 1n the 1llus-
trative system 100 that produce backscattered electromag-
netic waves. For example, RFID tags may be semi-active tags,
meaning each RFID tag comprises 1ts own internal battery or
other power source, but a semi-active tag remains dormant
(1.e., powered-oll or in a low power state) most of the time.
When an antenna of a semi-active tag recerves an iterrogat-
ing electromagnetic wave, the power recerved 1s used to wake
or activate the semi-active tag, and a response (1f any) com-
prising an identification value 1s sent by modulating the back-
scattered electromagnetic wave from the tag antenna, with the
semi-active tag using power for internal operations from 1ts
internal battery or power source. In particular, the reader
circuit 19 and antenna 18 continue to transmit power aiter the
RFID tag 1s awake. While the reader circuit 19 transmits, the
tag antenna 17 of the RFID tag 16 1s selectively tuned and
de-tuned with respect to the carrier frequency. When tuned,
significant incident power 1s absorbed by the tag antenna 17.
When de-tuned, significant power 1s reflected or backscat-
tered by the tag antenna 17 to the antenna 18 of the reader
circuit 19.

A second type of RFID tag that produces backscattered
clectromagnetic waves 1s a passive tag, which, unlike semi-
active RFID tags, has no internal battery or power source. The
tag antenna 17 of the passive RFID tag receives an interro-
gating electromagnetic wave from the reader circuit, and the
power extracted from the received interrogating electromag-
netic wave 1s used to power the tag. Once powered or
“awake,” the passive RFID tag may accept a command, send
a response comprising a data or identification value, or both;
however, like the semi-active tag the passive tag sends the
response 1n the form of a backscattered electromagnetic
wave.

In accordance with at least some embodiments, the reader
circuit 19 and/or the electronic system 21 determine physical
parameters (e.g. velocity) between the RFID tag 16 and the
reading antenna 18 using, at least 1n part, backscattered elec-
tromagnetic waves. The backscattered electromagnetic
waves recerved at the reading antenna 18 from the tag antenna
17 can be used coherently 1n combination with the interro-
gating wave transmitted from the reading antenna 18 to the
tag antenna 17. Thus, the discussion now turns to determining
physical parameters 1n an RFID system using backscattered
clectromagnetic waves.




US 7,944,356 B2

3

In accordance with the various embodiments, the elec-
tronic system 21 and/or the reader circuit 19 generates an
antenna feed signal at a carrier frequency (e.g., using a local
oscillator, or using a digital signal processor by way of a
digital to analog converter). The term antenna feed signal 1s
not limited to just high voltage/high current signal directly
applied to an antenna, and also refers to the initial signal
betore voltage/current amplification. The antenna feed signal
1s applied to the reading antenna 18, which 1n turn transmaits
an electromagnetic wave to interrogate the RFID tag 16
(hence, an 1nterrogating electromagnetic wave). The RFID
tag 16 (1.e. semi-active tag or passive tag) responds with a
backscattered electromagnetic wave, as discussed above. The
reading antenna 18 converts incident backscattered electro-
magnetic wave into a received signal having frequency, phase
and amplitude corresponding to the backscattered electro-
magnetic wave. The recerved signal 1s then passed to the
reader circuit 19 and/or electronic system 21. The reader
circuit 19 and/or electronic system 21 combine the antenna
teed signal and received signal, and analyze the combined
signal to determine the physical parameters.

FIG. 2 shows a system 200 in accordance with some
embodiments. In particular, system 200 shows an object 10 on
a conveyor system 12, with the object 10 selectively moving
in the direction indicated by arrow 14. Conveyor system 12 1s
merely 1llustrative of any situation where an object 10 moves
in two- or three-dimensional space. For example, the object
10 and conveyor system 12 are illustrative of water boats 1n
semiconductor manufacturing production line, luggage 1in an
automated luggage handling system, parcels in an automated
sorting facility, or participants 1n a war game. The object 10
has an associated RFID tag 16, which as 1llustrated 1s visible
from both sides of object 10. In system 200, the reading
antenna 18 1s shown as a Yagi-Uda antenna, but other antenna
types (e.g., dipole, loop or patch antennas) may be equiva-
lently used. FI1G. 2 further shows three illustrative positions of
the RFID tag 16 and/or object 10. In particular, FIG. 2 shows
annitial location 31 A, and two subsequent locations 31B and
31C. For reasons that will become apparent 1n reference to
FIG. 3, the 1llustrative physical distance between the mitial
location 31 A and location 31B 1s a quarter of the wavelength
A of the interrogating electromagnetic wave, and the 1llustra-
tive physical distance between the initial location 31A and
location 31C (i.e., distance 35) 1s half of the wavelength A of
the mterrogating electromagnetic wave. Since the iterrogat-
ing electromagnetic wave travels from the reading antenna 18
to the RFID tag 16 and then back to the reading antenna 18,
the change 1n the distance the mterrogating electromagnetic
wave traveled 1s twice that the distance RFID tag 16 moved.
Thus, for example, since the physical distance between the
location 31 A and location 31B 1s a quarter of the wavelength
A, the change in total wave path for interrogating the tag 16 at
locations 31 A and 31B 1s half of the wavelength A; and since
the physical distance between the location 31 A and location
31C 1s half of the wavelength A, the change 1n total wave path
for mterrogating the tag 16 at locations 31A and 31C 1s one
wavelength A.

FIG. 3 illustrates various time varying signals associated
with sending the interrogating electromagnetic wave and
receiving backscattered electromagnetic waves to more fully
explain the signals and how the signals are combined to
determine various parameters. In particular, FIG. 3 illustrates
an antenna feed signal 30 which 1s applied to the reading
antenna 18 during interrogation. The RFID tag 16 (which 1s
assumed for this example to be moving at a constant velocity)
reflects a portion of the interrogating electromagnetic wave to
create reflected or backscattered electromagnetic wave that 1s
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4

incident upon the reading antenna 18, and therefore creates a
received signal 32, illustrated 1n FIG. 3 as recerved signal
portions 32A-32C (optionally scaled by amplification).
Referring simultaneously to FIGS. 2 and 3, each of the
received signal portions 32A, 32B and 32C are based on the
backscattered electromagnetic wave recerved from the RFID

tag 16 as the tag moves through positions 31A, 31B and 31C,
respectively. At least because of the difference 1n distance
between the RFID tag 16 and the reading antenna 18 for each
location 31A, 31B and 31C, each of the received signal por-
tions 32A-32C has an associated phase and amplitude that
may be different from the other portions, and may also be
different from antenna feed signal 30. FIG. 3 illustrates only
three portions of received signal 32 corresponding to three
particular positions of the RFID tag 16 so as to not to unduly
complicate the drawings; however, 1in actuality one continu-
ous backscattered electromagnetic wave 1s received by the
reading antenna 18 producing one continuous recerved signal
32, and the received signal 32 has varying amplitude and
phase based on the distance from the RFID tag to the reading
antenna and the velocity at which the RFID tag 1s moving
relative to the reading antenna.

In order to determine physical parameters as between the
RFID tag and the reading antenna, and in accordance with at
least some embodiments, the reader circuit 19 and/or elec-
tronic system 21 combine the antenna feed signal 30 and the
received signal 32 over a period of time to generate a com-
bined signal 36. Combining the antenna feed signal 30 and the
received signal 32 may take many forms. In some embodi-
ments, the antenna feed signal 32 and received signal are
summed 1n analog form to create combined signal 36. In yet
still other embodiments, the antenna feed signal 30 and
received signal 32 are mixed (1.e., multiplied) 1n analog form
to create the combined signal 36. In yet still other embodi-
ments, the antenna feed signal 30 and recerved signal 32 may
be combined (e.g., summed, mixed) in digital form. Other
digital techniques may comprise exclusive-ORing (XOR)
portions or all of the digital representation of the antenna feed
signal 30 and received signal 32.

Regardless of whether performed using analog or digital
versions of the signals, and regardless of the precise form of
the combiming, 1n some of the embodiments before the
received signal 32 and the antenna feed signal 30 are com-
bined the reader circuit 19 and/or electronic system 21 nor-
malize the amplitude of the signals. Normalization 1s per-
formed to avoid combining signals that have peak amplitude
substantially different form each other. In FIG. 3 the com-
bined signal 36 1s logically divided into smaller portions
34A-34C for purposes of discussion. Considering first por-
tion 34 A of the combined signal 36, portion 34 A 1s the com-
bination (1n the illustrative case of FIG. 3, a sum) of portion
32A of the recerved signal with corresponding portions of the
antenna feed signal 30. Since in this illustrative example the
two signals are 180 degrees out of phase with each other, the
signals cancel producing zero-value or null portion of the sum
signal 36 (a similar result occurs when the signals are com-
bined by mixing). Similarly, third portion 34C of the com-
bined signal 36 1s the combination of portion 32C of the
received signal with corresponding portions of the antenna
teed signal 30. Here again, since 1n this illustrative example
the two signals are 180 degrees out of phase with each, the
signals cancel producing a zero-value portion 34C of the
combined signal 36. Finally, portion 34B of the combined
signal 36 1s the combination of portion 32B of the received
signal with corresponding portions of the antenna feed signal
30. Since 1n this illustrative example the signals are 1n phase
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with each other, the portion 34B of the sum signal 36 has
amplitude that 1s approximately two times that of the signals
considered alone.

The final combined signal 36 has varying amplitude due
the phase difference in the antenna feed signal 30 and the
received signal 32, and defines an envelope 37. The reader
circuit 19 and/or electronic system 21 determine the envelope
from the combined signal 36 (e.g., using a demodulator) to
produce envelope signal 38. Illustrative envelope signal 38
comprises a plurality of intlection points 39A-39C based on
changing physical distance between the RFID tag 16 and the
reading antenna 18 (¢.g., as shown 1n FIG. 2). In particular, in
the 1llustrations of FIGS. 2 and 3 the inflection points 39A-
39C correlate with the positions 31 A-31C of the object 10 on
the conveyer system 12. The correlation exists because at
some physical distances the phase of the recerved signal (cor-
responding to the backscattered electromagnetic wave) and
the antenna feed signal (corresponding to the interrogating,
clectromagnetic wave) cancel when combined, and at other
physical distances the phases are aligned. In accordance with
various embodiments, the reader circuit 19 and/or electronic
system 21 {ind at least some inflection points (e.g., maxima,
mimma, nulls, or zero-points) in the envelope signal 38.
Using at least some of the infection points, the reader circuit
19 and/or electronic system 21 determine physical param-
cters as between RFID tag and the reading antenna.

Consider, for purposes of explanation, that the reader cir-
cuit 19 and/or the electronic system 21 find and use inflection
points being nulls 1n the envelope signal 38 as the mechanism
to determine physical parameters as between the RFID tag 16
and reading antenna 18. As discussed above, the illustrative
positions 31 A and 31C of the RFID tag 16 correspond to nulls
39 A and 39C of the envelope signal 38, respectively. Further,
the distance between the nulls, distance 35 1n FIG. 2, was
defined to be half of a wavelength of the interrogating elec-

tromagnetic wave. When the time period between the nulls
39A and 39C 1s t, the speed of the RFID tag 16 can be

determined as A/(2%t).
In some of the embodiments then, the velocity of the RFID
tag 16 1s calculated according to the following equation:

A NullCounts = A
24 Seconds

(1)

iag —

where V. 1s the velocity of the RFID tag, ASeconds i1s a
period of time 1n seconds between the first and last nulls,
ANullCounts 1s the change 1n null count between the first and
last nulls occurring over ASeconds, and A 1s the wavelength of
the interrogating electromagnetic wave. The remaining por-
tions of this description are based on determining intlection
points being nulls 1n the envelope signal 38; however, using
nulls as the inflection points 1s merely 1llustrative. Any cor-
responding 1nflection points within the envelope signal 38
(e.g., maxima points, minima points) may be used to deter-
mine V,,., and thus ANullCounts in equation (1) may be
generalized to be ACorrespondinglnflectionPoints. To pro-
vide best accuracy, 1t the envelope 1s sampled such that the
sampled data begins before a first ACorrespondinglnflection-
Points and/or extends beyond a later occurring final ACorre-
spondingInflectionPoints, the ASeconds data may be deter-
mined using only the time between the first and final
ACorrespondinglntlectionPoints, ignoring the time before
the first ACorrespondinglnflectionPoints and the time after
the final ACorrespondinglntlectionPoints.
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As a numerical example, consider that the interrogating
clectromagnetic wave has a frequency of 900 Mega-Hertz
(MHz), which corresponds to a wavelength A, of approxi-
mately 0.3 meters or approximately 12 inches. If two nulls
beyond the starting null are found 1n the envelope signal 38
over a period of one second, then V,, for RFID tag would be

approximately (2*0.3 meters)/(2*1 second)=0.3 meters/sec-
ond or 12 inches/second.

Determining velocity of the RFID 16 based on counting the
number of nulls over a period of time may be extended to
determine position. For example, if a starting position 1s
known or estimated (e.g., using a mechanical trigger, optical
trigger and/or a predefined 1nitial value), a new position can
be determined using the nulls. In some of the embodiments, a
new position of the RFID tag 16 1s calculated according to the
following equation:

(2)

NewPosition = StartPosition+ Vi, x4 Time

= (4 NullCounts« A=A Time /(2 4 Seconds))

where NewPosition 1s the calculated new position, StartPo-
sition 1s the known or estimated starting position, ATime 1s
the time period between the starting position and the new
position, ANullCounts and A and ASeconds are as discussed
with respectto equation (1), and whether to add or subtract the
parenthetical term 1s based on whether the RFID tag 16 and
underlying object are moving toward or away from the read-
ing antenna and where the tag velocity 1s constant within an
acceptable tolerance. With respect to determining whether the
RFID tag 1s moving toward or away from the reading antenna
18, the reader circuit 19 and/or electronic system 21 may
observe the return signal strength indication (RSSI) of the
received signal 32 (before normalization), and add or subtract
the parenthetical term of equation (2) based on RSSI. For
example, an mcreasing RSSI 1s indicative of the RFID tag
moving toward the reading antenna (or vice versa), thus indi-
cating subtraction of the parenthetical term. Conversely, a
decreasing RSSI 1s indicative of the RFID tag moving away
from the reading antenna (or vice versa), thus indicating
addition of the parenthetical term.

Using the 1illustrative numerical example above of a 900
MHz interrogating electromagnetic wave, two null counts 1n
one second detected beyond the starting null, an assumed
starting position of 12 inches from the reading antenna and an
assumed direction of the RFID tag moving away from the
reading antenna, the new position of the RFID tag 1s calcu-
lated to be approximately 12 inches+(2*12 inches)/2=24
inches from the reading antenna (assuming the starting posi-
tion coincides with the starting null). For best accuracy, if
time data for the purpose of determining V,, uses only the
time between first and final inflection points, thereby 1gnoring
time before the first inflection point and after the final inflec-
tion point, then the 1gnored time may be added on to deter-
mine that total ATime for determining the position. For
example, the time period between the starting and new posi-

tion can be measured as ATime, during which the time period
between the first and last nulls can be measured as ASeconds
(1gnore the time before the firstnulls and the time after the last
nulls). Alternatively, the null occurred before the starting
position can be selected as the first null; and the null occurred
alter the new position can be selected as the last null, in which
case time period ATime 1s contained within the time period

ASeconds.
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The various embodiments, however, are not limited to
determining just velocity and/or location, as other parameters
that are based on velocity may also be determined. For
example, acceleration 1s the first time derivative ot 'V, _, and
jerk (equivalently referred to as jolt) 1s the second time deriva-
tiveof V,, ..

Returming to FIG. 2, 1 accordance with other embodi-
ments the system 200 has a second reader circuit 23 and
reading antenna 20 placed, for example, on the opposite side
as the first reader circuit 19 and reading antenna 18. In such
embodiments, any physical parameter (e.g., velocity, posi-
tion, acceleration and jerk) may be verified by signals from
reading antenna 20. In other embodiments, the second reader
circuit 23 and reading antenna 20 are placed such that they are
at an angle with each other, (e.g. a right angle). In the yet still
other embodiments, a third reader 1s placed orthogonal to the
plane established by the reader 19 and reader 23.

FI1G. 4 illustrates other embodiments where a single reader
circuit 19 couples to multiple reading antennas. In particular,
FIG. 4 shows two reading antennas 104A and 104B (which
antennas could be, for example, antennas 18 and 20 respec-
tively of FIG. 3). The reading antennas 104A and 104B in
FIG. 4 couple to a single reader circuit 19 by way of multi-
plexer 106, and the reader circuit 19 also couples to an elec-
tronic system 21.

Many atmospheric conditions and/or man-made objects
alfect electromagnetic wave propagation, and thus lead to
signal degradation. Multi-path degradation 1s a type of signal
degradation where multiple backscattered electromagnetic
waves arrive at the reading antenna by way of diflerent paths.
FIG. SA illustrates such degradation. In particular, reading
antenna 18 coupled to the reader circuit 19 recerves backscat-
tered electromagnetic waves from the RFID tag 16 associated
with an object 10. The backscattered electromagnetic waves
in FIG. 5A propagate using multiple paths to reach the read-
ing antenna 18. In the 1llustration, some of the backscattered
clectromagnetic waves propagate along a line-of-sight path
50, and some of the backscattered electromagnetic waves are
reflected due atmospheric conditions and/or man-made
objects 52 and propagate along a different path 54 belore
reaching the reading antenna. Convergence of the multi-path
backscattered waves at the reading antenna 18 has untavor-
able consequences.

FIG. SBillustrates two ditferent envelope signals 56 and 58
calculated by the reader circuit 19 and/or electronic system
21. The envelope signal 56 1s similar to envelope signal 38
(FIG. 2), and 1s a substantially smooth signal with three
inflection points 51 A-51C. The envelope signal 58 1s not a
substantially smooth signal, and has intlection points S1A-
51C, along with extraneous inflection points 33A-53D. The
signal 56 1s associated with backscattered electromagnetic
waves which do not propagate along multiple paths, whereas
the signal 58 1s associated with backscattered electromag-
netic waves propagating along multiple paths 50 and 54 (as
shown 1 FIG. SA). In some embodiments, the multi-path
degradation of the recetved backscattered electromagnetic
waves 1s reduced by 1gnoring extraneous inflection points
53 A-53D. In particular, the inflection points 1n envelope sig-
nals are classified into categories (e.g., intlection points asso-
ciated with line-of-sight wavetforms and inflection points
associated with multi-path waveforms). The inflection points
associated with multi-path wavetorms are 1ignored and 1ntlec-
tion points associated with line-of-sight waveforms are used
in calculating the physical parameters.

In some of the embodiments, the RFID tag 16 responds to
the interrogating electromagnetic wave with a tag identifica-
tion value, or data held 1n the tag memory. In these embodi-
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ments, determining physical parameters as between the RFID
tag and the reading antenna are based on periods of time when
the RFID tag 1s retlective. However, 1n some situations the
periods of time when the RFID tag 1s reflective as part of
communicating data may be insuificient to determine the
physical parameters (i.e., the data rate 1s too high and the
reflective period 1s therefore too short). Thus, in other
embodiments RFID tag 16 may be placed in a retlective mode
such that, for extended periods of time relative to selectively
backscattering to send data, the RFID tag 1s in a purely reflec-
tive mode. The reader circuit 19 and/or electronic system 21
in these embodiments are configure to send a command
istructing the RFID tag 16 to change its operation to a
constant or alternating repetitive state; hence, the electromag-
netic waves recerved at the reading antenna 18 are only back-
scattered electromagnetic wave without any associated data.
The RFID tag 16 1s configured to time out of the reflective
state, or the command sent to place the tag 1n the reflective
state, may comprise a period of time for the RFID tag to stay
reflective, and then revert to prior operational modes. Thus,
by setting the RFID tag 16 to a retlective state determining of
physical parameters as between the RFID tag 16 and reading
antenna 18 can occur for a longer periods of time, or occur
more rapidly.

FIG. 6 shows a method in accordance with at least some
embodiments. In particular, the method starts (block 600) and
moves to generating an antenna feed signal (block 604). Next,
an interrogating electromagnetic wave 1s sent to a radio Ire-
quency device (block 608), where the interrogating electro-
magnetic wave 1s based on the antenna feed signal. In some
embodiments, the radio frequency device 1s an RFID tag.
Thereatter, a backscattered electromagnetic wave 1s recerved
from the radio frequency device to create a recerved signal
(block 612). Next, a combined signal 1s calculated based on
the antenna feed signal and recerved signal (block 616).
Finally, a determination 1s made as to the relative velocity
between the radio frequency device and the reading antenna
based on the combined signal (block 620), and the method
ends (block 624).

The above discussion 1s meant to be illustrative of the
principles and various embodiments of the present invention.
Numerous variations and modifications will become apparent
to those skilled 1n the art once the above disclosure 1s fully
appreciated. For example, the combining of the antenna feed
signal and recerved signal may be performed with those sig-
nal in analog form, or the combining may be performed with
digital representations of the signals. Moreover, the various
embodiments are discussed with respect to the RFID tag
moving and the reader circuit stationary; however, i other
embodiments the physical parameters are determined with
respect to a stationary RFID tag and reader circuit moving
(e.g. 1n a warehouse 1n order to inventory objects on shelves).
Finally, while 1n the various embodiments discussed the inter-
rogating electromagnetic wave 1s transmitted from the same
antenna as recerves the backscattered electromagnetic wave,
in alternative embodiments separate antennas may be used
with one to transmit the interrogating electromagnetic wave,
and the second to recerve the backscattered electromagnetic
wave. It 1s intended that the following claims be interpreted to
embrace all such variations and modifications.

What 1s claimed 1s:
1. A method implemented 1n a radio frequency identifica-
tion (RFID) system, the method comprising:
an RFID reader generating an antenna feed signal and
transmitting a first electromagnetic wave to an RFID tag
according to the antenna feed signal;
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the RFID reader receiving a backscattered electromagnetic
wave from the RFID tag to create a received signal;

generating a combined signal based on the antenna feed
signal and the receiwved signal, wherein the combined
signal includes a plurality of inflection points, each
inflection point corresponding to a different position of
the RFID tag relative to the RFID reader, wherein the
plurality of inflection points comprises a first inflection
point, a last inflection point, and at least one intermedi-
ate inflection point between the first inflection point and
the last inflection point; and

determining a relative velocity between the RFID tag and

the RFID reader by detecting the inflection points of the
combined signal over a predetermined time period,
wherein the predetermined time period begins at a time
associated with the first inflection point and ends at a
time associated with the last inflection point.

2. The method of claim 1, wherein the backscattered elec-
tromagnetic wave 1s received during the RFID reader inter-
rogating the RFID tag using the antenna feed signal.

3. The method of claim 1, wherein the generating of the
combined signal comprises summing the antenna feed signal
and the received signal, mixing the antenna feed signal with
the recerved signal, or performing an exclusive-OR using at
least portions of the antenna feed signal and the recerved
signal.

4. The method of claim 1, wherein the intflection points
include one or more of null, mimima, and maxima.

5. The method of claim 1, wherein the backscattered elec-
tromagnetic wave 1s generated by the RFID tag in response to
a command from the RFID reader.

6. The method of claim 5, wherein the RFID tag 1s
instructed by the command to be 1n a reflective state to gen-
erate the backscattered electromagnetic wave without asso-
ciated data.

7. A system comprising:

a radio frequency 1dentification (RFID) tag;

a reading antenna; and

a reader circuit coupled to the reading antenna to transmit

a first electromagnetic wave to the RFID tag, based on an
antenna feed signal, and to receive a recerved signal
based on a backscattered electromagnetic wave from the
RFID tag; wherein the reader circuit generates a com-
bined signal of the antenna feed signal and the recerved
signal;

wherein the combined signal includes a plurality of inflec-

tion points, each inflection point corresponding to a
different position of the RFID tag relative to the reading
antenna,

wherein the plurality of inflection points comprises a first

inflection point, a last inflection point, and at least one
intermediate inflection point between the first inflection
point and the last inflection point;

wherein the reader circuit determines a relative velocity

between the RFID tag and the reading antenna by detect-
ing the mflection points of the combined signal over a
predetermined time period, wherein the predetermined
time period begins at a time associated with the first
inflection point and ends at a time associated with the
last inflection point.

8. The system of claim 7, wherein the reader circuit deter-
mines the relative velocity by counting the inflection points in
the combined signal.

9. The system of claim 8, wherein the inflection points
include at least null points, maximum points, or minimum
points 1n an envelope signal of the combined signal.

10. The system of claim 7, wherein the combined signal 1s
a sum of the antenna feed signal and the recerved signal, a
multiplication of the antenna feed signal with the received
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signal, or a result of an exclusive-OR applied on at least
portions of the antenna feed signal and the received signal.
11. The system of claim 7, wherein the reader circuit deter-
mines 1dentification data stored on the RFID tag and instructs
the RFID tag to be 1n a reflective state to generate the back-
scattered electromagnetic wave without data.
12. The system of claim 7, wherein the RFID tag comprises
a passive tag or a semi-active tag.
13. A radio frequency 1dentification (RFID) reader, com-
prising;:
a reading antenna; and
a reader circuit coupled to the reading antenna to receive a
backscattered electromagnetic wave from an RFID tag
to create a recerved signal, wherein the reader circuit
generates an antenna feed signal corresponding to the
backscattered electromagnetic wave,
the reader circuit determining a relative velocity between
the RFID tag and the reader circuit based on a combined
signal of the antenna feed signal and the received signal,

wherein the combined signal includes a plurality of intlec-
tion points, each inflection point corresponding to a
different position of the RFID tag relative to the reading,
antenna,

wherein the plurality of inflection points comprises a first

inflection point, a last inflection point, and at least one
intermediate inflection point between the first inflection
point and the last inflection point,

wherein the reader circuit determines the relative velocity

by detecting the intlection points of the combined si1gnal
over a predetermined time period, wherein the predeter-
mined time period begins at a time associated with the
first inflection point and ends at a time associated with
the last inflection point.

14. The radio frequency 1dentification reader of claim 13,
wherein the inflection points include at least null points,
minimum points or maximum points.

15. The radio frequency 1dentification reader of claim 13,
wherein the combined signal comprises an envelope signal of
a sum of the antenna feed signal and the recerved signal, a
multiplication of the antenna feed signal with the received
signal, or a result of an exclusive-OR applied on at least
portions of the antenna feed signal and the received signal.

16. A non-transitory computer-readable medium storing a
program that, when executed by a radio frequency 1dentifica-
tion (RFID) system, causes the system to:

generate an antenna feed signal and transmit a first elec-

tromagnetic wave from an RFID reader to an RFID tag
according to the antenna feed signal;
recerve a backscattered electromagnetic wave from the
RFID tag to create a received signal;

generate a combined signal based on the antenna feed
signal and the receiwved signal, wherein the combined
signal includes a plurality of inflection points, each
inflection point corresponding to a different position of
the RFID tag relative to the RFID reader, wherein the
plurality of inflection points comprises a first inflection
point, a last inflection point, and at least one intermedi-
ate mflection point between the first inflection point and
the last inflection point; and

determine a relative velocity between the RFID tag and the

RFID reader by detecting the inflection points of the
combined signal over a predetermined time period,
wherein the predetermined time period begins at a time
associated with the first inflection point and ends at a
time associated with the last inflection point.

17. The method of claim 1, wherein the first inflection point
and the last inflection point each correspond to a null value.
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